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Abstract 

Novel inorganic alkali and alkaline earth hydrides of the formula MHX and MHMX wherein M J^^^^ C> is a sing1y 
negatively charged anion, and H comprises a novel high binding energy hydride ion were synthes^d in%iigh temperature 
gas cell by reaction of atomic hydrogen with a catalyst and MX or MX 2 corresponding to an a J^^^^^ kaHne earth meta! 
compound, respectively. Novel hydride compounds were identified by time of flight second^TSn^a^ spectroscopy, X-ray 
photoelectron spectroscopy, proton nuclear magnetic resonance spectroscopy, and thejmalgecomgbsition with analysis by 
gas chromatography, and mass spectroscopy. © 2000 International Association fori 
Science Ltd. All rights reserved. 



1. Introduction 

Typically the emission of extreme ultraviolet light from 
hydrogen gas is achieved via a discharge at high voltage, a 
high power inductively coupled plasma, or a plasma creat 
and heated to extreme temperatures by RF coupling fS:g 
> 10 6 K) with confinement provided by a toroic&fSfrag 
netic field. Intense extreme ultraviolet (EUV) emisgon wag 
observed at low temperatures (e.g. ~ 10 3 >Q^orrr^|ggjpf 
hydrogen and certain atomized elements or^gMH gaseous 
ions which ionize at integer multip^^^r^^^ential 
energy of atomic hydrogen [1-6]. i^^exS^e^trontiurn 
ionizes at integer multiples of the^go^e^^ener^y of atomic 
hydrogen. Intense EUV n y<^^^^^^ emission was 
observed at low temperatures^^^^W K) when atomic 
hydrogen was generate^a^a^un^en filament that heated 
atoi " 
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a titanium dissociator 
from the metal byjfe^rml 
sodium, magnesffifn, or 
argon replacet!JiyBj9JL e J 
power bj 
and 




\p strontium was vaporized 
ission was observed when 
rlum replaced strontium or when 
with strontium. Furthermore, the 
a^gas cell having atomized hydrogen 
'measured by integrating the total light 
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cted for detectOT response and energy over the 
[6]. A control cell was identical except that 
placed strontium. In this case, over 4000 times 
ver of the strontium cell was required in order to 
that same optically measured light output power. 
A*plasma formed at a cell voltage of about 250 V in the 
cell with hydrogen alone and in the cell with hydrogen and 
sodium; whereas, a plasma formed in the strontium cell at 
the extremely low voltage of about 2 V. 

Based on their exceptional emission, we used potassium, 
cesium, rubidium, calcium, and strontium metals as cata- 
lysts to release energy from atomic hydrogen to form novel 
compounds [1,2]. The theory is given in the Appendix. 

Novel inorganic alkali and alkaline earth hydrides of the 
formula MHX and MHMX wherein M is the metal, X, 
is a singly negatively charged anion, and H comprises a 
novel high binding energy hydride ion were synthesized in 
a high-temperature gas cell by reaction of atomic hydrogen 
with a catalyst and MX or MX 2 corresponding to an alkali 
metal or alkaline earth metal compound, respectively. For 
example, atomic hydrogen was reacted, with strontium va- 
por and SrBr 2 to form SrHBr. Novel hydride compounds 
such as SrHBr were identified by time of flight secondary 
ion mass spectroscopy, X-ray photoelectron spectroscopy, 
proton nuclear magnetic resonance spectroscopy, and ther- 
mal decomposition with analysis by gas chromatography, 
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Fig. 1. Stainless steel gas cell comprising a screen dissociator, 
metal catalyst, and alkali or alkaline earth halide as the reactant. 
The components were: 301 — stainless steel cell; 317 — internal 
cavity of cell; 318 — high vacuum conflat flange; 319 — mating 
blank conflat flange; 302 — stainless steel tube vacuum line and 
gas supply line; 303 — lid to the kiln or top insulation, 304, 305, 
350, and 306 — heaters; 307 — high temperature insulation; 308 
— screen dissociator; 309 — powdered alkali or alkaline earth 
halide reactant; 310 — high vacuum turbo pump; 312 — pressure 
gauge; 311 — vacuum pump valve; 313 — valve; 314 — valve; 
315 — regulator; 316 — hydrogen tank. 



and mass spectroscopy. Hydride ions with increased bi 
ing energies form novel compounds with potential bi 
applications such as a high-voltage battery for 
electronics and electric vehicles. In addition, th 
compositions of matter and associated tec! 
have far-reaching applications in many i] 
ing chemical, electronics, computer, 
aerospace in the form of products si 
fuels, surface coatings, structu; 
processes. 



and 
solid 
id chemical 




2. Experimental 

2.L Synthesis 



if dride, KHI, synthesis in a 3.0 I 



hydride was prepared in a stainless steel 
Fig. 1 comprising a Ni screen hydro- 
itor (Belleville Wire Cloth Co., Inc.), potas- 
catalyst (Aldrich Chemical Company), and KI 
(Aldrich Chemical Company 99.9%). The 316-stainless 



steel cell was in the form of a tube having an internal cavity 
of 375 mm in length and 140 mm in diameter. The wall 
thickness was 6.35 mm. The bottom of the cell was closed 
by a 6.35 mm thick circular plate of 316 stainless steel that 
was welded to the cylinder. The top end of the cell was 
welded to a bored-through 304 stainless steel conflat-type 
flange with 8 in nominal diameter. A mating blank flange 
was bolted to the bored-through flange with 20 silver-plated 
bolts. A flange gasket was silver-plated copper. A 1.27 cm 
OD tube was welded into a hole at the center of the blank 
flange. This tube was closed at one end and extended 20 
cm into the reactor, serving as a thermowell. A 9.5 mm OD 
stainless tube was welded to the flange approximately 4 cm 
from the flange center. This tube served as the vacuum line 
from the cell as well as a hydrogen or helium supply line 
to the cell. 

The reactor was heated in a 10 kW refractory brick kiln 
(L & L Kiln Model JD230). The kiln had th&e heating zones 
and a heated floor that were each hea«H]|& separate ra- 
diant elements. The zone tempeflitlL^^^^rindependently 
controlled by a Dynatrol controll^M^^a^r was instru- 
mented with 5 type-K thermocouples. Tjpo thermocouples 
were located in the centra L^trjl^^^^lj^r ipproximately re- 
actor mid-height and at flapge- n||el. Three thermocouples 
were fixed to the e ^*JSf5^^^^F°^ tne reactor and were 
located near the ^^^^^^^h^gh^ an d "ear flange- level. 
The reactor \v^^^n^gte<Wnrough bellows-type valves to 
a turbo vacu^iMnp^he vacuum level was measured by 
a 0-100 Torr*feg&tron vacuum gauge. Pressures above 100 
TorT were measuj^d by standard dial- type pressure gauges. 
T^n^era^^e and pressure data was logged to a data acqui- 
at 5 min intervals, 
lately 290 g of nickel screen (0.5 mm wire, 2 mm 
as placed circumferentially around the reactor inner 
the cell. 125 g of dry KI were placed in a stainless 
steel crucible on the reactor base. The reactor was flooded 
with argon gas. 1 .7 g of metallic potassium was placed in a 
smaller stainless steel crucible and this crucible was placed 
in the larger one with the KI crystals. The reactor was sealed 
and placed in the kiln. The system was evacuated for 2.5 h. 
The reactor was pressurized with hydrogen gas to a pressure 
of 1 0 Torr and sealed. The kiln was heated to 650 C at the 
rate of 300° C/h. The reactor was held at 650°C for 72 h. 
Hydrogen was added to the system periodically to maintain 
a pressure level of 1 0 Torr. The reactor was then evacuated 
for 1 h while at 650 C. The kiln and reactor were cooled to 
room temperature by forced convection in about 2 h while 
pumping continued. At room temperature the system was 
filled with helium gas to a pressure of 1.3 bar. The sealed 
reactor was then opened. About 1 25 g of green crystals were 
observed to have formed in the stainless steel crucible. 

2.1.2. Strontium fluoro hydride synthesis in a 40 cnt* 
stainless steel gas cell reactor 

Strontium fluoro hydride was prepared in a stainless steel 
gas cell shown in Fig. I comprising a Ti screen hydrogen 
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Fig. 2. Quartz gas eel! comprising a Ni screen dissociate*, potassium 
metal catalyst, and K 2 C0 3 as the reactant. The components were: 
] — internal cavity of cell; 3 — nickel hydrogen dissociator, 4 — 
quartz tube cell with Conflat style flange; 5 — catalyst reservoir, 
6 — Pyrex cap with an identical Conflat style flange to the rube; 
25 — gas inlet line; 21 — gas outlet line; 1 1 — compressed gas 
cylinder of ultra high purity hydrogen; 13 — hydrogen control 
valve; 12 — compressed gas cylinder of ultrahigh purity helium; 
1 5 — helium control valve; 1 0 — mass flow controller; 30 — mass 
flow controller valve; 29 — inlet valve; 31 — mass flow controller 
bypass valve; 8 — molecular drag pump; 27 — vacuum pump 
valve; 28 — outlet valve; 7 — 0 to 1000 torr Baratron pressure 
gauge and a 0 to 100 torr Baratron pressure gauge; 20 — catalyst 
reservoir band heater; 14 — Zircar AL-30 insulation package; 2 
— Mellen cell heater. 



dissociator (Belleville Wire Cloth Co., Inc.), strontium metal 

catalyst (Alfa Aesar), and SrF 2 (Aldrich Chemical Compr 

99.99%) as the reactant The 304-stainless steel cell wr 

the form of a tube having an internal cavity of" 

length and 28 mm in diameter. The top end of the^ 

welded to a high vacuum 2 \ in bored through o 

The mating blank conflat flange contained wfel 

. .. . .«£ .^r^^ that 

isolate 
fver plated 
flanges. The two 
:ntial bolts. The 
the bottom surface 



in which was welded a \ in diameter stainle 



was 10 cm in length and contained 
the reactor from the rest of the gas 
copper gasket was placed betwe 
flanges are held together wit! _ 
bottom of the ~ in ^tejS&^J 1 



i a vacuum line and 

^ly line to the cell. The cell 

,a Jlanfeeffheater (Mellen Company), 
;uTT^ded by insulation. The heater was 

"Tscreen, 1 2 g of crystalline SrF 2 and 
_.. metal was added to the cell under an 
ie. The cell was then continuously evac- 
uait W „ JW isolation needle valve open using a high 
vaciiu^frbo pump to reach 20 mTorr measured by a 
pressure gauge (MKS). The cell was heated by supply- 



of the top flange. The \^ 
also as a hydrogen mjieton si 
was surrounded 
which was in 



Sthe 



ing power to the heaters. The temperature of the cell was 
measured with a type K thermocouple (Omega). The cell 
temperature was then slowly increased to 100°C using the 
heaters. The vacuum pump valve was closed. Hydrogen 
was slowly added to maintain a pressure of 1 atm, and 
the needle valve was closed to isolate the reactor system. 
The temperature of the cell was then slowly increased to 
650°C. Hydrogen was added periodically to maintain 1 
atm using the needle valve. After 72 h, the temperature 
of the cell was reduced to room temperature. The reactor 
was flushed with helium and closed using the needle valve. 
It was then opened in an argon environment chamber to 
recover the strontium fluoro hydride. A white solid was 
obtained. 



2.7.5. Potassium hydride potassium hydrogen carbonate 
synthesis in a quartz gas cell reactor 

Potassium hydride rxrtassium hydr< 
prepared in a quartz gas cell sh<T 
nickel screen hydrogen dissocia 
Co., Inc.), potassium metal cataly!§<Ald 
pany), and K 2 C0 3 (Aldf 
the reactant. The quartz 
ing an internal cavit 



irbonate was 
comprising a 
:vTHe Wire Cloth 
Chemical Com- 
►mpany 99.9%) as 
the form of a tube hav- 
i($y millimeters in diameter 



and five hundred 
the cell was n 
centimeter cjwaly: 
fitted with a 





limeters in length. One end of 
reiown an^ attached to a fifty (50) cubic 
. rell^oir. The other end of the cell was 
Jt sty le high vacuum flange that was mated 
cap wl|b an identical Conflat style flange. A high 
! was maintained with a Viton O-ring and stain- 
jmp. The Pyrex cap included two glass-to-metal 
[e attachment of a gas inlet line and gas outlet 

gas was supplied to the cell through the inlet from a 
compressed gas cylinder of ultra high-purity hydrogen con- 
trolled by a hydrogen control valve. Helium gas was sup- 
plied to the cell through the same inlet from a compressed 
gas cylinder of ultrahigh purity helium controlled by helium 
control valve. The flow of helium and hydrogen to the cell 
is further controlled by a mass flow controller, a mass flow 
controller valve, an inlet valve, and a mass flow controller 
bypass valve. The bypass valve was closed during filling 
of the cell. Excess gas was removed through the gas out- 
let by a molecular drag pump capable of reaching pressures 
of 10 -<1 Torr controlled by vacuum pump valve and outlet 
valve. Pressures were measured by a 0-10 Torr Baratron 
pressure gauge. The reactor and the catalyst reservoir, were 
heated independently using clam shell heaters (Mellen Com- 
pany) powered by Variacs. The temperature was recorded 
using a K-type thermocouple placed ariose to the quartz 
reactor. 

The cell was operated under flow conditions with a to- 
tal pressure of less than two (2) Torr of hydrogen or con- 
trol helium via mass flow controller. About 20 g of K : COj 
(Aldrich Chemical Company, 99.9%) was placed in the 
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catalyst reservoir and about 50 g, 1 2 x 1 2 cm of nickel screen 
dissociator (Belleville Wire Cloth Co., Inc.) was treated with 
0.6 M K 2 CO 3 /10% H 2 0 2 and dried at 130°C overnight and 
then placed in the center of the reactor. The reactor was 
evacuated to about 50 mTorr and hydrogen was introduced 
using the mass flow controller to maintain a pressure of 
about 2 Torr. The temperature of the reactor was increased to 
about 800-850° C to facilitate atomization of hydrogen, and 
the catalyst reservoir temperature was increased to 850 C 
to vaporize the catalyst. The reaction started when the cata- 
lyst vapor reached the hot zone of the reactor. The reaction 
was allowed to continue for about 120 h. The reaction was 
terminated by cooling the reactor and the catalyst reservoir 
to room temperature in hydrogen. The system was purged 
and back filled with helium and sealed. The reactor was 
opened in an argon environmental chamber and the samples 
were collected and analyzed. The compound was a white 
powder. 

2 A A. Synthesis of alkali halido hydrides and alkaline 
earth halido hydrides 

A series of alkali and alkaline earth halido hydrides 
(KHF, KHC1, KHBr, KHI, RbHF, RbHCl, RbHBr, RbHI, 
CsHF, CsHCl, CsHBr, CsHl, CaHCl, CaHBr, CaHl, SrHF, 
SrHCI, and SrHBr) were synthesized in gas cells as de- 
scribed in the previous A-B Sections with the exception that 
the alkali or alkaline earth metal catalyst (rubidium metal 
(which is a catalyst as a hydride having Rb + ) and potas- 
sium, cesium, calcium, and strontium metals) corresponded 
to the alkali or alkaline earth halide of the product alkali 
or alkaline earth halido hydride. RbHF was synthesized by 
the catalysis of atomic hydrogen with potassium metal cat- 
alyst followed by reaction with RbF wherein the hydrogen 
dissociator was a nickel screen. Reactants to form hydride, 
of these inorganic compounds obtained from Alfa 
were KF (99.9%), KC1 (ACS grade 99+(99.9%£§Rbl 
(99.9%), CsF (99.9%), CsCl (99.9%), CsBr (99.g5), CsJ 
(99.9%), CaCl 2 (99.9%), CaBr 2 (99.9%), 
SrF 2 (99.9%), SrCl 2 (99.9%), and SrBr 2 4 
analytical analyses, each starting com FJ§ugd 
as a control. 




2.2. ToF-SIMS characten'Zi 

The crystalline samp^wems^rikled onto the surface 
of a double-sided adhesive tap® and characterized using a 
Physical Electront^^^fiO^ToF-SIMS instrument. The 
primary ion ^iif|itilizel|a t9 Ga+ liquid metal source. In 
order to remo^Js^^^pcontaminants and expose a fresh 
surface, ^^§a^les were sputter cleaned for 30 s using 
"raster. The aperture setting was 3, and 
vas 600 pA resulting in a total ion dose of 

acquisition, the ion gun was operated using a 
bunched (pulse width 4 ns bunched to 1 ns) 15 kV beam 




[7,8]. 1 The total ion dose was 10 I2 ions/cm 2 . Charge neu- 
tralization was active, and the post accelerating voltage 
was 8000 V. Three different regions on each sample of 
(12 uxn) 2 ; (18 um) 2 , and (25 urn) 2 were analyzed. The 
positive and negative SIMS spectra were acquired. Repre- 
sentative post sputtering data is reported. 

2.3. XPS characterization 

A series of XPS analyses were made on the crystalline 
samples of KHC1 and KC1 using a Scienta 300 XPS Spec- 
trometer. The fixed analyzer transmission mode and the 
sweep acquisition mode were used. The step energy in the 
survey scan was 0.5 eV, and the step energy in the high res- 
olution scan was 0.15 eV. In the survey scan, the time per 
step was 0.4 s, and the number of sweeps was 4. In the high 
resolution scan, the time per step was 0.3 s, and the number 
of sweeps was 30. C Is at 284.5 eV was usgg as the internal 
standard. 

The binding energies and feanfes 
of a series of alkali and alkaline eai 
KH1, RbHCl, RbHI, CsHBr, Ca 
SrHCI, and SrHBr) were 



was conducted on a Kraj 
ing nonmonochromatj 
pies were cm shed 
on an analysis stul 
was stuck inupfil^am] 





evel electrons 
des(KHC), 
r, CaHl, SrHF, 
XPS analysis 
spectrometer us- 
6 eV) radiation. Sam- 
under argon and mounted 
yj>per tape. A piece of gold foil 
for calibration. The samples were 



transferred Iffitejp&n inert atmosphere. A survey spectrum 
was run from K&fcQ to 0 eV. For quantitative analysis, high 
pectra were run on core level electrons of inter- 
he Rb3d and Cs3d electrons. For KI and KHI, a 
ffion spectrum of the low binding energy region 
so^run from 100 to 0 eV that corresponded to the sur- 
pectrum. Fixed analyzer transmission (FAT) mode was 
uSed in all measurements. For the survey scan, a pass en- 
ergy of 320 eV was employed. A pass energy of 40 eV was 
used for high resolution scans. In the cases were a charging 
effect was observed, the spectrum was corrected by using a 
calibration of the effect with the Au4f 7/2 peak at 84.0 eV as 
a first standard and the CI s peak at 284.6 eV as a second 
standard. 

2.4. NMR spectroscopy 

'H MAS NMR was performed on solid samples of KHI, 
KHC1, KHBr, and RbHF. The data was obtained on a 
custom built spectrometer operating with a Nicolet 1280 
computer. Final pulse generation was from a tuned Henry 
radio amplifier. The 'H NMR frequency was 270.6196 
MHz. A 5 u s pulse corresponding to a 41 pulse length and 
a 3 recycle delay were used. The window was ±20 kHz. 
The spin speed was 4.0 kHz. (The spin speed was varied 
to confirm real peaks versus side bands. The latter changed 



1 For recent specifications see Ref. [8]. 
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position with spin speed, the former were independent 
of spin speed.) The number of scans was 600. The off- 
set was 1541.6 Hz, and the magnetic flux was 6.357 T. 
The samples were handled under a nitrogen atmosphere. 
Chemical shifts were referenced to external tetramethyl si- 
lane (TMS). The reference of KH1 comprised KH (Aldrich 
Chemical Company 99%) and equivalent molar mixtures 
of KH (Aldrich Chemical Company 99%) and Kl (Aldrich 
Chemical Company 99.99%) prepared in a glove box un- 
der argon. The reference of KHC1 comprised KH (Aldrich 
Chemical Company 99%) and equivalent molar mixtures of 
KH (Aldrich Chemical Company 99%) and KCI (Aldrich 
Chemical Company 99.99%) prepared in a glove box un- 
der argon. The reference of KHBr comprised KH (Aldrich 
Chemical Company 99%) and equivalent molar mixtures of 
KH (Aldrich Chemical Company 99%) and KBr (Aldrich 
Chemical Company 99.99%) prepared in a glove box under 
argon. The reference of RbHF comprised RbH (Aldrich 
Chemical Company 99%). 

'H MAS NMR was performed on a solid samples of 
SrHBr. The data were recorded on a Bruker DSX-300 spec- 
trometer at 300.132 MHz. Samples were packed and sealed 
in 5 mm diameter NMR tubes under an inert atmosphere. 
The 'H MAS NMR of strontium bromo hydride was run 
static. The MAS frequency was 4.1 kHz. During data acqui- 
sition, the 90° pulse length for a single pulse 'H excitation 
was 3.4 us; the sweep width was 147.058 kHz; the dwell 
time was 5.5 us, and the acquisition time was 0.0139764 
s/scan. The number of scans was typically 32. 

The hydrogen composition of the samples was quantified 
by integrating the signal under each peak. In each case, the 
signal from an empty tube was baseline subtracted from 
the integral for each peak. The integration was calibrated 
using a polyethylene standard. From the sample weight, the 
wt% hydrogen was determined. The chemical shifts ofj 
spectra were calibrated based on the chemical shift °£gffi°- 
The accuracy was determined to be within 0.1 ppn|H>ome 
samples were broadened due to 'H-H dirx)leinteractionf 
The broadening from a neighboring protonjmeWtfi 
120 kHz/r 3 . Given the NMR frequency of^^^J^there 
were 300 Hz per ppm. As an examde^^ic^^tns of 7 
ppm correspond to 2.1 kHz. Based<^uW^quency, the 

- k WkA. Morion of the 



distance to a neighboring proto; 




'ysis by gas 



protons could result in line n; 



2.5. Thermal decompo k 
Chromatography 



Solid samples^re d^omposed at high temperature and 
quantitativel^Wr^e^Sr hydrogen using gas chromatog- 
raphy. O^^^^^mple was placed in a thermal decom- 
r^sitio^/e^a^^under an argon atmosphere. The reactor 
comprised. T^" OD by 3" long quartz tube that was sealed 
at OTJ^ndlmd connected at the open end with Swagelock™ 
fittinj^wt T. One end of the T was connected to a needle 
valve and a HOVAC molecular drag pump. The other end 



was attached to a septum port. The apparatus was evacuated 
to between 25 and 50 m Torr. The needle valve was closed 
to form a gas tight reactor. The sample was heated in the 
evacuated quartz chamber containing the sample with an 
external Nichrome wire heater using a Variac transformer. 
The sample was heated to above 600°C by varying the 
transformer voltage supplied to the Nichrome heater until 
the sample melted. Gas released from the sample was col- 
lected with a 500 ul gas tight syringe through the septum 
port and immediately injected into the gas chromatography 

Gas samples were analyzed with a Hewlett Packard 5890 
Series II gas chromatograph equipped with a thermal con- 
ductivity detector and a 60 m, 0.32 mm ID fused silica 
Rt-Alumina capillary PLOT column (Restek, Bellefonte, 
PA). The column was conditioned at 200 C for 1 8-72 h be- 
fore each series of runs. Samples were run at - 1 96 C using 
Ne as the carrier gas. The 60 m column was run with the 
carrier gas at 3.4 psi with the following i$w rates: carrier 
— 2.0 ml/min, auxiliary — 3.4 ml/m 
3.5 ml/min, for a total flow rate^oj 
rate was 10.0 ml/min. 

The control hydrogen gas was^Jtrahi 
dustries). Control sample, 
method as the samples off 



be nov&l compounds 



aw&reference — 
£nin. The split 

purity (MG In- 
:ated by the same 



2.6. Thermal decm^o^^y^'ith analysis by mass 
spectroscopy ^g^^ 





Mass spec86swpy was performed on the gases released 
from th& therrr^decomposition of the samples. One end 
JD fritted capillary tube containing about 5 mg 
as sealed with a 0.25 in. Swagelock union and 
felock Co., Solon, OH). The other end was con- 
^Srectly to the sampling port of a Dycor System 1000 
apole Mass Spectrometer (Model D200MP, Ametek, 
hT, Pittsburgh, PA with a HOVAC Dri-2 Turbo 60 Vac- 
* uum System). The capillary was heated with a Nichrome 
wire heater wrapped around the capillary. The mass spec- 
trum was obtained at the ionization energy of 70 and 
30 eV at different sample temperatures in the region 
m/e = 0-50. With the detection of hydrogen indicated by 
a m/e = 2 peak, the intensity as a function of time for 
masses m/e = 1, m/e = 2, m/e = 3, m/e = 4, m/e = 5, 
and m/e = 18 was obtained while changing the ionization 
potential (IP) of the mass spectrometer from 30 to 70 eV. 

The control hydrogen gas was ultrahigh purity (MG 
Industries). 

3. Results and discussion 
3.L ToF-SIMS 

3.1. V. To F- SI MS of potassium iodo hydride sample 

The positive ToF-SIMS spectrum [m/e = 0-140) of KHI, 
the positive ToF-SIMS spectrum {m/e = 0-140) of KI, the 
negative ToF-SIMS spectrum (m/e = O-140) of KHI. and 
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K + KHI 
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K + Kl 
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H- KHI (c) 
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(d) Kl 
H" 

.i . . 




1 1 i r I i 



m/z 

Fig. 3. (a) The positive ToF-SlMS spectrum (m/e = 0-140) of 
KHI. (b) The positive ToF-SIMS spectrum {m/e = 0-140) of Kl. 
(c) The negative ToF-SlMS spectrum {m/e = 0-140) of KHI. (d) 
The negative ToF-SIMS spectrum {m/e = 0-140) of Kl. 



the negative ToF-SIMS spectrum {m/e = 0-140) of Kl are 
shown in Figs. 3a-d, respectively. The positive ion spectrum 
of KHI and that of the Kl control were dominated by the^ 
K + ion. A K 2+ ion was only observed in the positive 
spectrum of the KHI. 

<7a + m/z = 69, K 2 + m/z = 78, K(KCI) + m/z 
J + m/z = 127, KJ + m/z = 166, and a series of ops 
K[K1]^ m/2=(39+1667j) were also observer 
ion ToF-SIMS of KHI was dominated by 
1" peak. Iodide alone dominated the n< 
of the Kl control. For both, O 
17, C\~ X m/z = 35, KP m/z=]&g&s 
1[K1]„" m/z = (127+ \66n) 





of negative ions 
ed. 



3.1.2. ToF-SIMS of pMiss^J^hide potassium 
hydrogen carbonate sah\ 

The positive ^^^Ilvf^^^ctnim obtained from the 
KHCO3 control *Wiowr||i F»gs- 4 and 5. (KHCO3 was used 
as a control vi||gjf^|g§P?3 because the former is more con- 
servative^^U^^^tontains a larger source of H). In addition, 
the po%v^^^^S of the KH KHCO3 sample is shown 
in^gs?l||m<re: In both the control and KHKHCO3 sam- 
plest^h£p,oative ion spectrum are dominated by the K + ion. 
Two strilfof positive ions {K[K 2 C0 3 ]+ m/- = (39 + 138«) 
and K 2 OH[K 2 C0 3 ],t m/z = (95 + 138w)} are observed 




in the KHCO3 control. Other peaks containing potas- 
sium include KC + , KjOj.KxOyH?-, KCO 4 , and K 2 + . 
However, in the KH KHCO3 sample, three new series of 
positive ions are observed at {K[KH KHC0 3 ]+ m/z = 
(39 + 140n), K 2 OH[KHKHC0 3 ]+ m/z = (95 + 140n), 
and K 3 0[KHKHC0 3 ]+ m/z = (133 + \40n)}. These ions 
correspond to inorganic clusters containing novel hydride 
combinations (i.e. KHKHCO3 units plus other positive 
fragments). The same compound was seen previously in a 
sample isolated from a K2CO3 electrolytic cell [9], 

The comparison of the positive ToF-SIMS spectrum of 
the KHCO3 control with the KH KHCO3 sample shown in 
Figs. 4 to 5 and 6, 7, respectively, demonstrates that the 39 K + 
peak of the KH KHCO3 sample may saturate the detector and 
give rise to a peak that is atypical of the natural abundance 
of 41 K. The natural abundance of 4, K is 6.7%; whereas, the 
observed 41 K abundance from the KHKHCO3 sample is 
53%. The high resolution mass assignment f the m/z = 41 
peak of the KH KHCO3 was consistent v^j&y a ^d no peak 
was observed at m/z = 42.98 ^^^^it^^^ • Moreover, 
the natural abundance of 41 K wajfoose^a^ the positive 
ToF-SIMS spectra of KHCO3, K^» 3 , a^KI standards that 
were obtained with an ionjSB^^^^l^fahat the 39 K peak 
intensity was an order of magnitude higher than that given 
for the KH KHCO3 sanMe%Ms#iration of the 39 K peak of 
the positive ToF-S < ^K3^ lun bv ,ne KH KHCO3 sample 
is indicative oL3^mffi0t crystalline matrix [10]. 

The negaiive^I^MS spectrum {m/e - 0-100) of 
the KHCO3 1^^%) sample and the KH KHCO3 sample 
are shgvgn in Frg^ 8 and 9, respectively. The negative ion 
To^^^^)f the KH KHCO3 sample was dominated by 
OH~ peaks. A series of nonhydride contain- 
ions {KC03[K 2 C0 3 ]„"/n/2 = (99 + 138n)} 
o present which implies that H 2 was eliminated 
KHKHCO3 during fragmentation of the compound 
KHCO3. Comparing the H" to O" ratio of the 
KH KHCO3 sample to that of the KHCO3 control sample, 
the H~ peak was about an order of magnitude higher in the 
KHKHCO3 sample. 

3.1.3. ToF-SIMS of rubidium fluoro hydride sample 

The positive ToF-SIMS spectrum {m/e = 0-100) of 
RbHF, the positive ToF-SIMS spectrum (m/e = 0-100) 
of RbF, the negative ToF-SIMS spectrum {m/e = 0- 
100) of RbHF, and the negative ToF-SIMS spectrum 
{m/e = 0-100) of RbF are shown in Figs, lOa-d, re- 
spectively. The positive ion spectrum of RbHF and that 
of the RbF control were dominated by the Rb + ion. 
Ga + m/z = 69, Rbt m/z = 170, RbF + m/z = 104, and 
a series of positive ions Rb[RbF]+ m/z = (85 + \04n) 
were also observed. The negative ion ToF-SIMS of RbHF 
was dominated by H~ with a smaller F" peak. Flu- 
orine alone dominated the negative ion ToF-SIMS of 
the RbF control. For both, O" m/z = 16, OH" m/z = 
17, CP m/z = 35, RbF~ m/z = 104, a series of negative 
ions F[RbF]~ m/z = ( 19 + \04n) were also observed. 
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Fig. 4. The positive ToF-SIMS spectrum (m/^^00)^KHCO3 (99-99%) where HC = hydrocarbon. 



5. ToF-SIMS of strontium fluoro hydridejsai 

The positive ToF-SIMS spectrum obtag 
SrHF sample is shown in Fig. 1 1 . The 
was dominated by the strontium 
a 88 SrH + m/z = 89 peak. Lithii 



small hydrocarbon fragments 
and C 2 H 5 m/z = 29, 48 Ti + - 
49, Ti,0:, Ti,0 > H + , K; 
105, 88 SrF + m/z = 107/ 

The positive spec 
dominated by 
A much 

soft] 






trum 

8 and 
ttassium, 
m/z = 27 
48 TiH + m/z = 
88 SrOH + m/z = 
erved. 
SrF2 control was also 
tium peak Sr + m/z = 88. 
m/z = 89 peak was present, 
sium, hydrocarbon fragments, 
SrF + m/z = 107 were also observed, 
oif^eaks were much more intense in the 
£than in the SrHF sample, and a large silicon 
esent. 

jfative ion ToF-SIMS of SrHF shown in Fig. 12 
was dominated by H" and F~ m/z = 19 of equal inten- 



sity. Fluoride alone dominated the negative ion ToF-SIMS 
of the SrF 2 control. For both samples, smaller CT m/z = 
16, OH" m/z = 17, hydrocarbon fragment peaks such as 
m/z=12andCH" m/z- 13, CP m/z =35, SrF" m/z= 
126, and 1" m/z = 127 were observed. A hydride peak which 
was significantly smaller than the O" m/z = 16 peak was 
observed in the control. TuO v H " was observed in the SrHF 
sample. The hydrocarbon peaks were much more intense in 
the control. 

The negative ToF-SIMS relative sensitivity factors (RSF) 
for the halides are all about equivalent. The hydrino hydride 
ion is in the same group as the halide ions. Thus, its RSF 
is projected to be equivalent to that of the halides. There- 
fore, the atomic percentage of hydrino .hydride ion may be 
determined by comparison of its intensity with that of the 
fluoride ion of the product SrHF. The atomic percentage 
of hydrino hydride ion is equivalent to that of fluoride as 
shown in the negative ToF- SIMS. Since essentially no other 
cations are present, the positive and negative ToF-SIMS 
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indicates that SrHF is the product of the gi 
SrF2 in the presence of atomic hydrogej 
catalyst. 



3.2. XPS 

3.2. L XPS of potassn 

A survey spec! 
to 1200 eV. Jhfepnm; 
determinatioi 






iodo]m>dride sample 

jied over the region Eb = 0 
element peaks allowed for the 
elements present in MHX and the 
ey spectrum also detected shifts in the 
the elements which had implications to 



pr^fte compound containing the elements, 
survey scan of KI and KH1 are shown in 
Snd b, respectively. CIs at 284.5 eV was used 
as the internal standard for KHI and the control KI. The 



major species present in the KHI sample and the control 
are potassium and iodide. Trace small amounts of carbon- 
ate carbon and oxygen were also identified in the KHI 
sample. 

The 0-100 eV binding energy region of a high reso- 
lution XPS spectrum of KI and KHI are shown in Figs. 
14a and b, respectively. Peaks centered at 21 and 37 eV 
which do not correspond to any other primary element peaks 
were observed in the case of the KHI sample. The inten- 
sity and shift match shifted K3 s and K3 p. Hydrogen is the 
only element which does not have primary element peaks; 
thus, it is the only candidate to produce the shifted peaks. 
These peaks may be shifted by a highly binding hydride 
ion H~(l/6) with a binding energy of 22.8 eV given by 
Eq. (A. 12) that bonds to potassium K3 p and shifts the 
peak to this energy. In this case, the K3 s is similarly 
shifted. 
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3.2.2. XPS of potassiiS^fifS^lf^inde sample 

A survey spectrum \<^obtaJied over the region £i = 0 
to 1200 eV. The jpj^ry^fe^t peaks allowed for the de- 
termination of affiof th||elements present in the magenta 
crystals of th^^^raple and the control KG. The sur- 
vey spectrjteaiihdetected shifts in the binding energies of 
the ele^^r^^icVhad implications to the identity of the 
co^pourWconraining the elements. 

^8bJ<^survey scan of the KHCI sample and the KG 
controPtarnple are shown in Figs. 15 and 16, respectively. 
Cls at 284.6 eV was used as the internal standard for the 



KHC1 sample and the control KG sample. The major species 
observed in the KHCI sample and the control were potas- 
sium and chlorine. Trace small amounts of carbon, oxygen, 
fluorine, iodine, and silicon were also identified in the KHCI 
sample. The identifying peaks of the primary elements and 
their binding energies are: FKL23L23 at 831.0 eV, Fls at 
688.4 eV and at 682.8 eV, Ols at 530.6 eV, K2s at 377.2 
eV, K2p l/2 at 295.4 eV, K2p 3/2 at 292.5 V, CI s at 284.6 eV, 
CI2s at 268.9 eV, CI2p l/2 at 199.5 eV, C12p 3/2 at 198.0 eV, 
Si2s at 152.4 eV, and Si2p 3/2 at 101.9 eV. The K 3p and 
K 3s of the KHCI sample occurred at 16.7 and 32.8 eV, 
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respectively. The K3p and K3 s iiSfee 2o&rol KC1 occurred 
at 1 7.0 and 32.8 eV, respectix 

No elements were P^ 5 ^^^^ 1 ^ scan wnich could 
be assigned to peaks in^^^tn%mg energy region with 

the exception of the K %an^B 3s P eaks 31 16 7 and 32 8 
eV, respectively,^^Helfe^and \46$/2 peaks at 51 .8 and 
49.7 eV respectiygly. Accordingly, any other peaks in this 
region must D^e^^^ovel species. The 0-125 eV bind- 
ing ener^fece^^fepf a high resolution XPS spectrum of 
the KJ^^a^mfeaid the control KG sample are shown in 
Figc 1 T^jd^, respectively. The XPS spectrum of the 
Kfl^^ar^e differs from that of KC1 by having an addi- 
tional mwe at 36.7 eV. The XPS peak centered at 36.7 eV 
that does not correspond to any other primary element peak 



may correspond to the H~(/i = 1/8 )E* = 36.1 eV hydride 
ion given by Eq. (A. 12) where E b is the predicted vacuum 
binding energy. Also the K3s and K3 p peaks in the KHCI 
sample are wider when compared to the K3 s and K3 p of 
the KC1 control. The C13p at 16 eV is merged with the K3 
p of the KHCI sample, but the peaks areseparated in the 
control taken at the same resolution. TTHr^W ,v indicates 
that the environment of K in the^KHO&^le is different 
from that of KC1. The data furthe^%^n%|he formation 
of a novel compound. 

3.2.3. XPS of alkali haltSo hydrides and alkaline earth 

halido hydrides san J^^^^^^ 

The binding en ^pc^^dfl^ires of core level electrons 
of a series of aj^^^^^ k ™' e eartn halido hydrides (KHF, 
KHCI, KH^^ft,^^F, RbHCl, RbHBr, RbHl, CsHF, 
CsHci, Csr^^HI, CaHCl, CaHBr, CaHI, SrHF, SrHCl, 
and §rHBr) wer%analyzed by XPS. The local structure of 
met£™lr||es and metal halido hydrides was investigated by 
metal core levels including K 2p, Rb 3d, Cs 
F and Sr 3d, and halogen core level including F 
K2p Br 2p, and 1 3d. As atomic hydrogen undergoes 
lion with a catalyst to form a lower-energy hydrogen 
species which subsequently reacts with the metal center in 
' a halide compound, alterations in the electronic structure of 
the metal such as changes in core level binding energies and 
spin-orbital energies relative to the starting halide are ex- 
pected. In order to compare the full width at half maximum 
(FWHM) of the peaks, the difference between spin-orbit 
splitting in the core level was determined using curve fit- 
ting in the same or a close energy range. In some cases, 
the absolute core level binding energy was not calibrated, 
which did not affect the validity of the comparison of FWHM 
values. The results of the determination of the binding ener- 
gies of selected core level electrons, full width at half max- 
imum of the peaks, and energy of spin-orbital splitting for 
alkali halido hydrides, calcium halido hydrides, and stron- 
tium halido hydrides compared with the corresponding alkali 
halides, calcium halides, and strontium -halides are listed in 
Tables 1-3, respectively. The XPS spectra of the K 2p core 
level in KI, KH1 appear in Figs. 19a and b, respectively. The 
XPS spectra of the 1 3d core level in Kl and KHI appear 
in Figs. 20a and b, respectively. The XPS spectra of the Ca 
2p core level in CaBr 2 and CaHBr appear in Figs. 21a and 
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b, respectively. The XPS spectra of 
SrBr: and SrHBr appear in Fi; 
The XPS spectra of the Br 2p 
appear in Figs. 23a and b 

It is clear that the F 
in alkali and alkaline e! 
that in the corresi 
ening ranges fromO.3 t 
The trend former 





level in 
b,^respectively. 
rBr 2 and SrHBr 



etal core level peaks 
hydrides is broader than 
The magnitude of broad- 
.9 eV, depending on compound, 
ing effect follows the sequence: 
hydrides > fluoro hydrides^chloro 
cmtrSS, the halogen core level FWHM in both 
alpine earth halido hydrides is broadened by 
\.2 to 0.3 eV compared to the corresponding 
nparing the alterations in the metal core levels 
versus the halogen core level indicates that the lower-energy 



ipectrum obtained from the SrHF sample. 



hydrogen species is bound to the metal center of the al- 
kali or alkaline earth halide. This binding influences the 
metal core level with little perturbation of the halogen core 
level. 

Each of the spectra of potassium iodo hydride, calcium 
bromo hydride, and strontium bromo hydride were curve 
fit with one spin-orbit splitting component having a sim- 
ilar FWHM and energy separation as that of the starting 
material potassium iodide, calcium bromide, and strontium 
bromide, respectively. An additional -spin-orbit splitting 
component had to be added to each of potassium iodo hy- 
dride, calcium bromo hydride, and strontium bromo hydride 
in order to obtain a good curve fit of the K 2p, Ca 2p, and Sr 
3d spectra. In each case, the second component of spin-orbit 
splitting is assigned to the formation of the alkali or 
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Fig. 12. 




^F-SIMS spectrum obtained from the SrHF sample. 



CaHBr. and 
I hydride ion 
eaks to lower binding 
hding peaks of KI, CaBr2, 



alkaline earth metal halido< 
SrHBr, respectively. Thej 
shifts the K 2p, Ca 2pi 
energies relative to the* 
and SrBr 2 , respegfjv^ 

The XPS dataSearly||dicates a change in the electronic 
structure at tn^^e^^^* level and different bonding in the 
|des relative to that in the corresponding 
Dngly suggests the formation of a novel 
fchich is consistent with the supporting data 
(PS given above and NMR, ToF-SlMS, and gas 
aphy/mass spectroscopy given in the respective 




5.5. NMR 

To eliminate the possibility that the alkali halide MX in- 
fluenced the local environment of the ordinary alkali hy- 
dride MH to produce an NMR resonance that was shifted 
upfield relative to MH alone, controls comprising MH and 
a MH/MX mixture were run. 

5.5.7. NMR of potassium iodo hydride sample 

The ! H MAS NMR spectra of the KH1 sample., the con- 
trol comprising an equal molar mixture of KH and Kl, and 
control KH relative to external tetramethylsilane (TMS) are 
shown in Figs. 24a, b, and c, respectively. Ordinary hy- 
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labeled peaks shown in Figure 24a were found to be side- 
bands. 

The presence of KJ does not shift the resonance of ordi- 
nary hydride. The resonance at 0.9 ppm which is assigned 
to ordinary hydride ion was observed in the spectrum of the 
KH1 sample as shown in Fig. 24a. The distinct 0.8 and 1.1 
ppm resonances could not be resolved if they were present. 



dride ion has^ce! 
mixture ajjcfei 
specti^ei 

hanoiLng. 





speed, 



at 1 .1 and 0.8 ppm in the KH/K1 
alone as shown in Figs. 24b and c, re- 
Le atnmional peak at 4.5-4.6 ppm is assigned 
from air exposure of KH during sample 
e spin speed was varied to confirm real peaks 
bands. The latter changed position with spin 
the former were independent of spin speed. The un- 
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Fig. 18. Thg[0-125feV finding energy region of a high resolution XPS spectrum of the KC1 control sample. 



A large distinct n 
which was 
peak is cj 
as coirfrarettMii 





leld rejbnance was observed at —3.2 ppm 
either control. This upfield shifted 
ith a hydride ion with a smaller radius 
binary hydride since a smaller radius in- 
ing or diamagnetism. The -3.2 ppm peak 
to a novel hydride ion that has a smaller radius 
!oF ordinary hydride ion since the shift was extraor- 
dinarily far upfield in the case of the KHI sample. 



3.3.2, NMR of potassium chloro hydride sample 

The 'H MAS NMR spectra of the KHC1 sample, the con- 
trol comprising an equal molar mixture of KH and KC1, 
and the control KH relative to external tetramethylsilane 
(TMS) are shown in Figs. 25a, b, and c, respectively. Ordi- 
nary hydride ion has a resonance at 1.1 and 0.8 ppm in the 
KH/KC1 mixture and in KH alone as shown in Figs. 25b 
and c, respectively. The additional peak at 6 ppm is assigned 
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Table 1 

The results of the determination of the 
of spin-orbit splitting for alkali halido 



binding energies of selected core level electrons, full width at half maximum of the peaks, and energy 
hydrides compared with the corresponding alkali halides 



Compound 



Peak 



Binding 
energy (eV)* 



Full width at half maximum 
(FWHM) (eV) 



Energy of spin- 
orbit splitting (eV) 



KF 



KHF 



KG 



KHC1 



KBr 



KM Br 



Kl 



KHI 



RbF 



RbHF 



K 2p3/2 
K 2pl/2 

F Is 

K 2p3/2 
K 2pl/2 

F Is 

K 2p3/2 
K 2pl/2 

CI 2p3/2 
CI 2pl/2 

K 2p3/2 
K 2pl/2 

CI 2p3/2 
CI 2pl/2 

K 2p3/2 
K 2pl/2 

Br 3p3/2 
Br 3pl/2 

K 2p3/2 
K 2pl/2 

Br 3p3/2 
Br 3pl/2 

K 2p 3/2 
K 2p 1/2 

I3d 3/2 
1 3d 3/2 

K2P3/2 

K 2p I/2 

K2pj /2 
K 2 P)/2 



298.37 
301.11 

688.97 

296.12 
298.84 

687.60 

296.87 
299.62 

202.27 
203.95 

297.09 
299.85 

202.57 
204.19 

297.15 
299.90 

186.34 
193.07 

296.90 
299.66 



2.24 
2.27 

2.33 

2.61 
2.61 

2.20 

1.88 
1.97 



2.80 



2.72 



2.75 



1.68 
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Table 1. (Continued) 



Compound 



Peak 



Binding 
energy (eV) a 



Full width at half maximum 
(FWHM) (eV) 



Energy of spin- 
orbit splitting (eV) 



RbHCl 



RbBr 



RbHBr 



Rbl 



RbHl 



CsF 



CsHF 



CsCl 



CsHCl 



CsBr 



CsHBr 



CI 2p3 /2 

CI 2p 1/2 

Rb 3d 5/2 
Rb 3d 3/2 

CI 2p 3/2 
CI 2p 1/2 

Rb 3d 5/2 
Rb 3d 3/2 

Br 3p 3/2 
Br3pi /2 

Rb 3d 5/2 
Rb 3d 3/2 

Br 3p 3/2 
Br 3p 1/2 

Rb 3d 5/2 
Rb 3d 3/2 

I3d 5/2 
I 3d 3/2 

Rb 3d 5/2 
Rb 3d 3/2 

I 3d 5/2 
I 3d 3/2 



203.39 
205.05 

1 14.30 
115.86 

202.59 
204.33 

114.46 
115.97 

186.56 
193.22 

1 1 4.54 
116.0 

186.65 
193.38 



1.75 
1.69 

2.17 
2.02 

2.01 
1.70 



1.66 



1.56 



1.72 




Br 2p 3/2 
Br 2p )/2 



a Uncahbraled, except for KI and KH1. 
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Table 2 



The results of the determination of binding energies of selected core level electrons, full width at half maximum of the peaks, and energy 
of spin-orbit splitting for calcium halido hydrides compared with the corresponding calcium halides 



Compound 



Peak 



Binding 
energy (eV) a 



Full width at Half Maximum 
(FWHM)(eV) 



Energy of spin- 
orbit splitting (eV) 



CaC1 2 



CaHCl 



CaBr 2 



CaHBr 



Ca 2p 3/2 
Ca 2p, /2 

CI 2p3 /2 
CI 2p l/2 

Ca 2p 3/2 
Ca 2p, /2 

C12P3/2 

CI 2 Pl/2 

Ca 2p 3/2 
Ca 2p, /2 

Br 3p 3/2 
Br 3p 1/2 

Ca 2p J/2 
Ca 2p I/2 

Ca 2p 3/2 
Ca 2p I/2 

Br 3p 3/2 
Br 3p J/2 

Ca 2p 3/2 
Ca 2p, /2 



352.18 
355.69 

203.12 
204.93 

351.95 
355.62 

202.75 
204.32 

348.24 
351.75 

182.86 
189.54 

347.36 
350.95 



2.25 
2.19 

2.28 
1.86 

2.88 
2.34 

2.25 
2.01 



3.51 



1.81 



3.67 



1.57 




' K during sample 
^eak at 4.3 ppm shown in 
the KCI crystals. The ad- 
ppm shown in Fig. 25c is as- 
r air exposure of KH during sample 



to KHCO3 formed froi 
handling. The addition 
Fig. 25b is assi; 
ditional broad peak at 
signed KOH ^ 
handlings 

The^Hes^^eofKCl does not shift the resonance of ordi 
tie resonance at 1.1 ppm which is assigned 




to o^^artghydride ion was observed in the spectrum of 
the Jurorsample as shown in Fig. 25a. The distinct 0.8 
and 1.1 ppm resonances could not be resolved if they were 



present. A large distinct upfield resonance was observed at 
-4.6 ppm which was not observed in either control. This 
upfield shifted peak is consistent with a hydride ion with a 
smaller radius as compared with ordinary hydride since a 
smaller radius increases the shielding or diamagnetism. The 
-4.6 ppm peak is assigned to a novel hydride ion that has 
a smaller radius than that of ordinary hydride ion since the 
shift was extraordinarily far upfield in the case of the KHC1 
sample. An additional water peak was found is other sam- 
ples in which the novel hydride peak was observed. The 
presence of a water peak may demonstrate that the novel 
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Table 3 

The results of the determination of the binding energies of selected core level electrons, full width at half maximum of the peaks, and energy 
of spin-orbit splitting for strontium halido hydrides compared with the corresponding strontium halides 



Compound 



Peak 



Binding 
energy (eV) a 



Full width at half maximum 
(FWHM) (eV) 



Energy of spin- 
orbit splitting (eV) 



SrF 2 



Sr 3d 5/2 
Sr 3d 3/2 

F Is 



140.46 
142.27 

691.12 



2.13 
1.77 

2.11 



1.81 



SrHF 



Sr 3d 5/2 
Sr 3d 3/2 

F Is 



139.20 
141.11 

689.88 



2.48 
1.95 

2.42 



1.91 



SrCl 2 



SrHCl 



SrBr 2 



SrHBr 



Sr 3d 5/2 
Sr 3d 3/2 

CI 2p 3/2 
CI 2p I/2 

Sr 3d 5/2 
Sr 3d 3/2 

CI 2p 3/2 
CI 2p I/2 

Sr 3d 5/2 
Sr 3d 3/2 

Br 3p 3/2 
Br 3p 1/2 

Sr 3d 5/2 
Sr 3d 3/2 



Sr 3d 5/2 
Sr 3d 3/2 

Br 3p 3/2 
Br 3p, /2 



139.45 
141.31 

203.61 
205.31 

138.71 
140.52 

202.98 
204.70 

139.52 
141.22 

187.45 
194.22 



2.36 
1.88 



1.86 




8 Uncalibrated, except for SrBr 2 and SrH 

hydride is stable to water, in thej 
sociated with unreacted KC1 
plain why the KHCI samgj^was 
water. 



ae water is not as- 
bid partially ex- 
I to be insoluble in 



33.3. NMRof 
The 'H MAS 
tTol comprising 
the con 
are si 
dqkie lorffi 
mi 



w hydride sample 
tra of the KHBr sample, the con- 
lolar mixture of KH and KBr, and 
ive to external tetramethylsilane (TMS) 
6a, b, and c, respectively. Ordinary hy- 
sonance at 1 . 1 and 0.8 ppm in the KH/KBr 

fcgjyipf in KH alone as shown in Figs. 26b and 26c, 

respecnvfly. The additional sharp peaks at 4.3 and 5.9 ppm 
shown in Fig. 26a are assigned to water and KHCO3 formed 




from air exposure of K during sample handling. The addi- 
tional sharp peak at 4.2 ppm shown in Fig. 26b is assigned 
to water in the KBr crystals. The additional broad peak at 
4.6 ppm shown in Fig. 26c is assigned KOH formed from 
air exposure of KH during sample handling. 

The presence of KBr does not shift the resonance of or- 
dinary hydride. The resonance at 1.2 ppm which is assigned 
to ordinary hydride ion was observed in the spectrum of 
the KHBr sample as shown in Fig. 26a. The distinct 0.8 
and 1.1 ppm resonances could not be resolved if they were 
present. A large distinct upfield resonance was observed at 
—4.1 ppm which was not observed in either control. This 
upfield shifted peak is consistent with a hydride ion with a 
smaller radius as compared with ordinary hydride since a 
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-Vdata/saiple/standard/KI(Al) XPS Sp K 2p/l 



10J 



^ 6, 




301 300 299 298 297 296 295 294 293 292 291 290 289 
(a) Binding Energy / eV 

~/data/s3»ple/Jan00/991216nunA XPS Sp K 2p/l 



, 8000. 



6000. 



■ 4000. 




301 300 299 298 297 296 295 294 293 292 291 290 289 
(b) Binding Energy / eV 

Fig. 19. (a) The XPS spectra of the K 2p core level in KI. (b) The XPS spectra^n^K S^core level in KH1. 
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~/data/sai>ple/standard/KI(Af5 XPS Sp I 3d/l 




"10. 
c 

638 636 634 632 630 628 626 624 622 620 618 616 6i4 
(a) Binding Energy / eV 

-/data/sa»ple/Jan00/991216BwnA XPS Sp I 3d/l 





638 636 634 632 630 628 626 624 622 620 61B si6 
(b) Binding Energy / eV 

20. (a) The XPS spectra of the I 3d core level in KI. (b) The XPS spectra of the 1 3d core level in KHI. 
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192 190 
(a) Binding Energy / eV 



178 




194 192 19D 
(b) Binding Energy / eV 

Fig. 23. (a) The XPS spectra of the Br 2p core level in SrBr 2 . (b) The XPS 



»Mbe Br 2p core level in SrHBr. 



3 
< 

c 



KHI 




ppm 


(a) 


0.9 ppm - — / 












KH + KI 


1.1 ppm — 1 

4.5 ppm II 


.0.8 ppm 


(b) 




KH 


1.1 ppm »| 


0.8 ppm 


(c) 


1 1 1 T 1 T- ~T~ T"! TZ : 




KHCI 1.1 ppm —-4.6 ppm (a) 
6ppm-j|\^ 




KH + KCI 11PFf "" 
4.3 ppm 


(b) 

— 0.7 ppm 

I 


KH 1.1 ppm - 
4.6 ppm 


(c) 

— 0.8 ppm 

I. 

-i 1 r— 1 1 



Chemical Shift/ppm 



Fig. 24. (a) The 1 H MAS 
tetramethylsilane (TMS). 
control comprising arf^Jal 1 
external tetrameth)feilane (' 
of the control RiJ reJMi> 




bf KHI relative to external 
i MAS NMR spectrum of the 
fixture of KH and KJ relative to 
IS), (c) The 1 H MAS NMR spectrum 
i external tetramethylsilane (TMS). 



smalle%a5l%]ncreases the shielding or diamagnetism. The 
ppll|j>eln^is assigned to a novel hydride ion that has 
a snl|yerjlaius than that of ordinary hydride ion since the 
shift vvfs^xtra ordinarily far upheld in the case of the KHBr 
sample. 



Chemical Shift/ppm 

Fig. 25. (a) The 'H MAS NMR spectrum of KHCI relative to exter- 
nal tetramethylsilane (TMS). (b) The 'H MAS NMR spectrum of 
the control comprising an equal molar mixture of KH and KCI rel- 
ative to external tetramethylsilane (TMS). (c) The 'H MAS NMR 
spectrum of the control KH relative to external tetramethylsilane 
(TMS). 



3.3.4. NMR of rubidium fiuoro hydride sample 

The 1 H MAS NMR spectrum of RbHF relative to external 
tetramethylsilane (TMS) is shown in Fig. 27a. Distinguish- 
able resonances were observed at 1 .2 and -4.4 ppm. The 
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4.3 ppm^ ( 
5.9 ppm*. 




ID 
< 

CO 

c 

Q) 
C 



(a) 



KH+KBr 



4.2 ppm— 



(b) 



j— 1.1 ppm 
A— 0.8 ppm 



KH 



1.1 ppm— 



—0.8 ppm 



4.6 ppm 



•A 



50 40 30 20 10 0 -10 -20 -30 -40 -50 

Chemical Shift/ppm 

Fig. 26. (a) The 1 H MAS NMR spectrum of KHBr relative to exter- 
na] tetramethylsilane (TMS). (b) The *H MAS NMR spectrum of 
the control comprising an equal molar mixture of 1CH and KBr rel- 
ative to external tetramethylsilane (TMS). (c) The 'H MAS NMR 
spectrum of the control KH relative to external tetramethylsilane 
(TMS). 



Z> 
< 

"to 
c 

£ 



RbHF 


1 .2 ppm — 




(a) 






1 /T-4-4 ppm 




RbH 


4.0 ppm — i 


.-~0.83 ppm 


(b) 



50 40 30 20 10 0 -10 -20 -30 -40 -50? 

Chemical Shift/ppm 



Fig. 27. (a) The 'H MAS NMR spect 
external tetramethylsilane (TMS). (b2 
trum of the control RbH relativi 
(TMS). 



lative to 
NMR spec- 
tetramethylsiiane 




upfield peak is assignetmp a raBvel hydride ion of RbHF. 
The down field pellBfifray be ordinary hydride in a 

different chemicajLenvirOTment. The *H MAS NMR spec- 
trum of the c^tr^^^^relative to external tetramethylsi- 
lane (TIVi^^^^^»\ti in Fig. 27b. The 0.83 ppm peak is 
assign^Sy^r^linary hydride ion of RbH. The peak at 4.0 
ppmis assjgnltf to RbOH formed from air exposure of RbH 
dunnWarrlple handling. 

The^meld shifted peak observed in the RbHF sample 
is consistent with a hydride ion with a smaller radius as 



compared with ordinary hydride since a smaller radius 
increases the shielding or diamagnetism. The —4.4 ppm 
peak is assigned to a novel hydride ion that has a smaller 
radius than that of ordinary hydride ion since the shift 
was extraordinarily far upfield in the case of the RbHF 
sample. 

3.3.5. NMR of strontium bronto hydride sample 

The SrHBr sample was not spun; so, the hydride peaks 
were not resolved. Instead valuable 'H-'H separation data 
as well as ! H content was obtained. The 'H MAS NMR 
spectra of SrHBr relative to external H2O is shown in 
Fig. 28. The sample contained a significant amount of hy- 
drogen with an integration of 0.0983 mmoles corresponding 
to about 0.02 wt% ' H in the sample. There are two compo- 
nents: a narrow component with a peak at 6.3 ppm having 
an area of approximately l/4th of the total signal, and a 



broad signal with a width of about 60 
of the peak corresponds to ' H- ! H ;sep; 
This is very significant given that" *' 
bic Pnma form) parameters for 
are a = 7.358 A t b = 6.377 A a 
short M-H distances are 
tances are 3.06 A. The Hg| radiu: 



e broadening 
under ] .5 A. 
(orthorhom- 
ium hydride 
82 A. The seven 
o long M-H dis- 
is 1.39 A [1 1]- The data 




is consistent with a qo^ 
radius. ^f' 



I 'ky fc <kidgrlon of a greatly reduced 




?gra%y (GC) 



; chrorrfliograph of the normal hydrogen gave the 
: for para hydrogen and ortho hydrogen as 14.5 
n, respectively. Control SrBr2 showed no hy- 
Sase upon heating to above 600° C. The gas chro- 
aph of the dihydrino (see Appendix) or hydrogen re- 
I from the SrHBr sample when it was heated to above 
600" C is shown fn Fig. 29. This chromatograph is repre- 
" sentative of the results of the determination of dihydrino or 
hydrogen released from each sample of MHX or MHMX 
when heated to 600 C. In the case of a very stable hydride, 
no hydrogen may be released, thus, the amount observed in 
the minimum content. Table 4 gives a results which are rep- 
resentative of the minimum dihydrino or hydrogen content 
of novel hydride compounds determined by gas chromato- 
graph of the gas released from each sample when it was 
heated to above 600 C. Each control, MX or MX 2, showed 
no hydrogen release upon heating to above 600 C. 

3.5. Mass spectroscopy (MS) 

The dihydrino (see Appendix) was identified in the gas 
released by thermal decomposition of solid samples by mass 
spectroscopy. Dihydrino was detected as a species with a 
mass to charge ratio of two {m/e = 2) that has a higher ion- 
ization potential than that of normal hydrogen by recording 
the ion current as a function of the electron gun energy. The 
intensity as a function of time for masses m/e = 1. m/e = 2, 
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Fig. 28. The 'H MAS NMR 




-200 



Stive to external H 2 0. 



and m/e = 3 obtained while changing the ionizati 
rial (IP) of the mass spectrometer from 30 *B&vi 
trapure hydrogen is shown in Fig. 30. Upol&^ajmg the 
ionization potential from 30 to 70 eV^^^HT^^j/e = 2 
ion current for the ultrapure hydroge^gc^^^,^ a factor 
of less than 2. 

The intensity as a functioj^f^te^cT masses m/e = 
1 , m/e = 2, and m/e = 3 ^^^^^^^^^ng the ioniza- 
tion potential (IP) of tl^^a^^^rometer from 30 to 70 
eV for gas released frorfg^ermal decomposition of the KHI 
sample is shown J0$&. 3*|30p)n increasing the ionization 
potential from 3a|o 70^v\ typically the m/e = 2 ion cur- 
rent for the l^Ja^^^creased by a factor of about 1000 
ssure conditions as those of the ultrapure 
Fig. 3 1 is representative of the results of 
>f the increase in the m/e — 2 ion current 

nple of MHX or MHMX upon increasing the 

^potential from 30 to 70 eV under the same pres- 
sure conditions as those of the ultrapure hydrogen control. 




The m/e = 2 ion current for the KHC1, KH KHCO3, CsHL 
SrHF, and SrHBr sample increased by a factor of about 400, 
200, 400, 20, and 50, respectively, under the same pressure 
conditions as those of the ultrapure hydrogen control. 



4. Conclusions 

The ToF-SIMS, XPS, NMR, and thermal decomposition 
with analysis by GC, and MS results confirm the identifica- 
tion of novel hydride compounds MHX and MHMX wherein 
M is the metal, X, is a singly negatively charged anion, and 
H comprises a novel high binding energy hydride ion. The 
negative ToF-SIMS spectra of KHI, KH KHCO3, RbHF, 
and SrHF were dominated by the hydride ion peak which 
identified the structures. The thermal decomposition with 
mass spectroscopic analysis indicated the minimum hydro- 
gen or dihydrino content. At least H " ( 1 /2 ) was observed to 
be present in KHX and KH KHCO3. 
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Fig. 29. The gas chromatograph of the dihydrino or hydrogen released from the S 1 * 9 ^^^^^^^ 1 was heated to above 600 ° c 



Table 4 

The minimum dihydrino or hydrogen content of novel hydride 
compounds determined by gas chromatograph of the gas released 
from each sample when it was heated to above 600 C 



Novel hydride 
compound 



Hydrogen or 
dihydrino contg 
(umol/g) 



KHC1 
KHKHCO3 
SrHF 
SrHBr 



The XPS of the low 
consistent with the pres. 
This product is predic 
two H(l/4) atorn^fwTne< 
has been con fi 
[3]. The XP 
a new 
predi 
T 

al£ 
core 
from 





£y region of KHI is 
1/6) E b = 22.8 eV. 
autocatalysis reaction of 
\ potassium catalyst which 
jxtreme ultraviolet spectroscopy 
l|JS$ps consistent with the presence of 
eV which is in agreement with the 
mergy of H~(/? = 1/8) E b = 36.1 eV. 
hydrino hydride ions with alkali and 
metals significantly broadens the metal 
peaks. The magnitude of broadening ranges 





UHP H 2 


70 eV 


30 eV 70 eV 









m/z=2 




m/z=1 




m/z=3 



"0 160 



200 



300 

Time/s 



400 



eV, depending on compound. The 



Fig. 30. The intensity as a function of time for masses 
m/e - \,m/e = 2, and m/e = 3 obtained while changing the ioniza- 
tion potential (IP) of the mass spectrometer from 30 to 70 eV for 
ultrapure hydrogen. 

trend for the broadening effect follows the sequence: 
iodo hydrides~bromo hydrides > fluoro hydrides~chloro 
hydrides. In particular, two additional spin-orbit splittings 
had to be added to each of potassium iodo hydride, cal- 
cium bromo hydride, and strontium bromo hydride in order 
to obtain a good curve fit of the K 2p, Ca 2p, and Sr 3d 
spectra, respectively. 
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Fig. 31. The intensity as a function of time for masses 
m/e= \ t m/e = 2, and mfe = 3 obtained while changing the ioniza- 
tion potential (IP) of the mass spectrometer from 30 to 70 eV for 
gas released from thermal decomposition of the KHI sample. 



Large distinct upfield resonances were observed at 
-3.2 ppm, -4.6 ppm, -4.1 ppm, -4.4 ppm in the case 
of KHI, KHC1, KHBr, and RbHF, respectively. The peaks 
are assigned to novel hydride ions that have substantially 
smaller radii than that of ordinary hydride ion since the 
shift was extraordinarily far upfield. The NMR peak of KHI 
at -3.2 ppm may be due to H~(w = 1/6) E b = 22.8 eV 
observed by XPS. The NMR peak of KHC1 at -4.6 ppm 
may be due to H~(n = 1/8) E b = 36.1 eV observed by XPS. 
The NMR of SrHBr showed a 'H-H separation of under 
1.5 A . This is very significant compared to the atomic 
spacing parameters of ordinary strontium hydride and is 
consistent with a novel hydride ion of a greatly reduce ' 
radius. 

The chemical structure and properties of the present 
compounds are indicative of a new field of hydrog 
istry. Novel hydride ions may combine with 
such as other alkali cations and alkaline e: 
and transition element cations. Numerous nc^j^mrapunds 
may be synthesized with extraordinaj^^pOT^relative 
to the corresponding compounds hamiy^rcfeafy hydride 
ions. These novel compounds n^^feve^^eath of applica- 
tions. For example, a high vc^me^fr^?%ccording to the 
hydride binding energies^^e^l^^^PS may be possible 
having projected specif^lno^^ia^urpass those of the in- 
ternal combustion en^imThe^covery of a novel hydride 
ion with a high Wf*fm^glme5$y has implications for a new 
field of hydride Semist|| with applications such as a high 
voltage battef«yn^gpp 

Hydrit^^^^ng extraordinary binding energies may 
stabilr^^^^^^ + in an extraordinarily high oxidation 
statg^ sucf&sl^ in the case of lithium. Thus, these hydride 
ion^bgrylp used as the basis of a high voltage battery 
of a ililSrig chair design wherein the hydride ion moves 
back and forth between the cathode and anode half cells 



during discharge and charge cycles. Exemplary reactions for 
a cation M* + are: 
Cathode reaction: 



MH, + e~ - MHr-i +H 

Anode reaction: 

MHr-2 +H~ — MHx-, + e' 

Overall reaction: 

MHt + MH^ — 2MH x -i- 

Appendix A. 



(1) 
(2) 
(3) 



It has been reported that intense extreme ultraviolet 
(EUV) emission was observed at low temperatures (e.g. 
« 10 3 K) from atomic hydrogen and certain atomized ele- 
ments or certain gaseous ions which ionig^at integer mul- 



tiples of the potential energy of atomi 
[1-6]. The mechanism of E 
plained by the conventional chei 
is predicted by a solution of the 
a nonradiatjve boundary 
[12,13]. The energy rele 
state of hydrogen. 




;en, 27.2 eV 
;an not be ex- 
hyBrogen, but it 
[ger equation with 
forward by Mills 
mus^presult in a lower-energy 
gnat certain atoms or ions 




serve as catalysts^Ve^^energy from hydrogen to pro- 
duce an iiicre^giD^^igwiergy hydrogen atom called a 
hydrino a/^Jarag Jwindina energy of 

^ ,3 *jeY (a.i) 

»2 



(A.2) 



is an integer greater than 1, designated as H[ah/p] 
where a H is the radius of the hydrogen atom. Hydrinos are 
predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 

m -27.2 eV (A 3) 

where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size of 
the hydrogen atom, r„ = na H - For example, the catalysis of 
H(/i = 1 ) to H(/i = 1/2) releases 40.8 eV, and the hydrogen 
radius decreases from an to ^oh- 

The excited energy states of atomic hydrogen are also 
given by Eq. (A.I) except that 

n= 1,2,3,... (A-4) 

The n = 1 state is the "ground" state for "pure" photon tran- 
sitions (the n = 1 state can absorb a photon and go to an 
excited electronic state, but it cannot release a photon and 
go to a lower-energy electronic state). However, an electron 
transition from the ground state to a lower-energy state is 
possible by a nonradiative energy transfer such as mul- 
tipole coupling or a resonant collision mechanism. These 



t 
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lower-energy states have fractional quantum numbers, n = 
1 /integer. Processes that occur without photons and that 
require collisions are common. For example, the exother- 
mic chemical reaction of H + H to form H 2 does not oc- 
cur with the emission of a photon. Rather, the reaction re- 
quires a collision with a third body, M, to remove the bond 
energy-H + H + M -» H 2 + M* [14]. The third body dis- 
tributes the energy from the exothermic reaction, and the 
end result is the H2 molecule and an increase in the temper- 
ature of the system. Some commercial phosphors are based 
on nonradiative energy transfer involving multipole cou- 
pling. For example, the strong absorption strength of Sb 3+ 
ions along with the efficient nonradiative transfer of exci- 
tation from Sb 3+ to Mn 2+ , are responsible for the strong 
manganese luminescence from phosphors containing these 
ions [15]. Similarly, the n = 1 state of hydrogen and the 
n~\ /integer states of hydrogen are nonradiative, but a tran- 
sition between two nonradiative states is possible via a non- 
radiative energy transfer, say n— 1 to n= 1/2. In these cases, 
during the transition the electron couples to another electron 
transition, electron transfer reaction, or inelastic scattering 
reaction which can absorb the exact amount of energy that 
must be removed from the hydrogen atom. Thus, a catalyst 
provides a net positive enthalpy of reaction of m • 27.2 eV 
(i.e. it absorbs m • 27.2 eV where m is an integer). Cer- 
tain atoms or ions serve as catalysts which resonantly ac- 
cept energy from hydrogen atoms and release the energy to 
the surroundings to effect electronic transitions to fractional 
quantum energy levels. 

A.L Inorganic catalysts 

A catalytic system is provided by the ionization of t elec- 
trons from an atom to a continuum energy level such that the 
sum of the ionization energies of the / electrons is appr 
mately m * 27.2 eV where m is an integer. One such caj 
system involves strontium. The first through the 
ization energies of strontium are 5.69484, 1 " * 
57, and 71.6 eV, respectively [16]. The ion 
of Sr to Sr 5+ (t = 5), then, has a net enthal 
188.2 eV, which is equivalent to m 

188.2 eV + Sr(m) + H 
an 




(A.6) 



+ [(P + 7) 13.6 eV - 



(A.7) 



tic system that is provided by the ionization 
of / electrons from an atom to a continuum energy level such 



fcatalyti 



that the sum of the ionization energies of the / electrons is 
approximately mX212 eV where m is an integer involves 
potassium. The first, second, and third ionization energies of 
potassium are 4.34066, 31.63, 45.806 eV, respectively [16]. 
The triple ionization (t =3) reaction of K to, K 3+ then, has a 
net enthalpy of reaction of 81.7426 eV, which is equivalent 
to m = 3 in Eq. (A.3). 



81.7426 eV + K(//j) + 



-[?] 



K 3+ + 3e~ 



+H 



an 



+ [(/> + 3) 2 -p 2 JX13.6 eV, 



(A.8) 



K 3+ + 3e" 



K(/n) + 81.7426 eV. 



And, the overall reaction is 



-[?] 



+ [(p + 3) 2 



+ e 



The hyd! 
nary hydride 
hydrjrjfl&^dride 



ng Energy = 





A novel hydride ion having exti 
erties given by Mills [12] is pre 
action of an electron with ; 
suiting hydride ion is refgj 
designated as H~(I//?} 



(A.9) 

£ 2 ]*13.6 eV. 

(A.10) 

bemical prop- 
form by the re- 
(A.ll)). The re- 
ydrino hydride ion, 

(A.11) 



Sride^bn is distinguished from an ordi- 
[having a binding energy of 0.8 eV. The 
is predicted [12] to comprise a hydro- 



ind two indistinguishable electrons at a binding 
ding to the following formula: 



tl 2 y/s(S+ 1) 



(A. 12) 



where p is an integer greater than one, s = 1/2, it is pi, h is 
Planck's constant bar, no is the permeability of vacuum, m t 
is the mass of the electron, is the reduced electron mass, 
fl 0 is the Bohr radius, and e is the elementary charge. The 
ionic radius is 

1^ 

2 



n = -(l+V^TT)); 
P 



s = 



(A.13) 



From Eq. (A.13), the radius of the hydrino hydride ion 
H~(l//?);p = integer is \/p that of ordinary hydride ion, 
H~( 1/1 ). Compounds containing hydrino hydride ions have 
been isolated as products of the reaction of atomic hydrogen 
with atoms and ions identified as catalysts by EUV emission 
[1-6,17-20]. 

Alkali and alkaline earth hydrides react violently with 
water to release hydrogen gas which subsequently ignites 
due to the exothermic reaction with water. Typically metal 
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hydrides decompose upon heating at a temperature well be- 
low the melting point of the parent metal. These saline hy- 
drides, so called because of their saltlike or ionic character, 
are the monohydrides of the alkali metals and the dihydrides 
of the alkaline-earth metals. Mills predicts a hydrogen-type 
molecule having a first binding energy of about 

Binding Energy = ^p§ eV - ( A14 ) 
\ pi 

Dihydrino molecules may be produced by the thermal 
decomposition of hydrino hydride ions. KH~(l/2) may be 
less reactive and more thermally stable than ordinary potas- 
sium hydride, but may react at high temperature to form a 
hydrogen-type molecule. For example, potassium iodo hy- 
dride KH( 1/2)1 may be heated to release dihydrino by ther- 
mal decomposition. 



2KH(1/2)I- 



h; [2c' = 



V2\ 



+ 2KJ 



(A.15) 



where 2c' is the intemuclear distance and ao is the Bohr 
radius [12]. The possibility of releasing dihydrino by ther- 
mally decomposing alkali and alkaline earth halido hydrides 
and 1CH KHCO3 with identification by gas chromatography 
was explored. 

The first ionization energy, IP], of the dihydrino molecule 



h; 



2c ' = ^22 J h 2 *[2c' =a 0 f + c" (A.16) 

is lPi =62 eV(/?=2 in Eq. ( A.14)); whereas, the first ioniza- 
tion energy of ordinary molecular hydrogen, H 2 [2c' '=>/2ao], 
is 1 5.46 eV. Thus, the possibility of using mass spectroscopy 
to discriminate H 2 [2c' = \Z2flo] from HJ[2c' = flo/\/2] on 
the basis of the large difference between the ionization ener- 
gies of the two species was explored. A novel high binding 
energy hydrogen molecule assigned to dihydrino H J [2c/ 
oq/V2] was identified by the thermal decomposiric 
kali and alkaline earth halido hydrides and KH KHf* 
analysis by gas chromatography, and mass 
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